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The Study Progress of Alterative Oxidase in Higher Plant 


St oie? š . 2 
WANG Ya-Ying ` , TIAN Hui-Qiao 
(1 Agricultural Sciences Institute, Zhangzhou 363000, China; 2 School of Life Sciences, Xiamen University, Xiamen 361005, China) 


Abstract: Alternative oxidase (AOX), a terminal oxidase located in the inner mitochondrial membrane, has been identi- 
fied universally in plant, algae, fungi, and protozoan . AOX branches from the cytochrome pathway at the level of the 
ubiquinone and catalyses the oxidation of ubiquinol and reduction of oxygen to water . There is non-protonmotive and energy 
is liberated as heat instead of producing ATP . In thermogenic plants, heat released by AOX attracts insects for pollination 
by heating aromatic compounds . The use of AOX in plant may (a) allow flexibility of respiration under changing environ- 
mental conditions (b) regulate energy homeostasis (c) help prevent oxidative stress (d) maintain TCA cycle turnover . 
AOX is a member of di-iron carboxylate proteins . Two structural models exist for AOX and the latest one is a monotopic 
protein instead of span membrane . Relatively little is known about its 3-dimensional structure . Main reason is that the suffi- 
cient quantities of AOX suitable for crystallogram structural studies is unavailable because of its unstableness . Recently we 
tried to obtain sufficient quantities alternative oxidase protein (AOX) for further construction studies . The aim is achieved 
by over-expressing m E. coli and improving purification of native AOX from Arum mitochondrial . 
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UUUUDUUDUDUDUUUUDUUUBDUuDuUu AO, [| 
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LLIPH TPB TI АӨ АЛ H НТ» 
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Fig.1 Те respiration chain of plant 
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UUUUUUUU АОХПИО (00 0000 
П00000 (Umbach and Siedow, 1993 )[ 
UUUUUUU Nap 00000000 
E H AOX ДУ. М 2 L b ДНН 
О000000000000 0000 39 кра 
(Rhoads and McIntosh, 1991 )[] Kumar and Sou 
(1996) П000000 000 АОХОП U Ц 
00000, 000000 31 кар 
ПОООООООООООООООООО 
П000000000000 00000, AOX 
ПОООЈОО (Bahr and Bonner, 1973)[] [|] U 
UUUUUUUODUUUUUUUUUUOUUO 
UUUUU.UUOUYUOUUUUUUUUUUOD 
00, 000000000000 00 (Millar 
0, 1995) Moore [] (1988) 0 0–—01 0011 
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(Ribas-Carbo [] , 1995) П Hoefnagel [] (19955) |] 
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0 (Millar, 19900 000000000 U 
HO АОХОПООООООО О 100 20 uM 
(Ribas-Carbo [|] , 1994), III u l) 
HOU 2000000 AOxY о 000000 
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OOOO D LI Affouret (2001)ППППП 
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2 00000000 
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HEB H АЕ О АМА Н АВВ ЈА B.B 
00000, 000000000 (Даг, 
1990) 0 0 РМАВПОООООООО, 000 
UUUU АОХО 0010, О SUMU ANY [| 
(4 2)0 SUM ПП (Siedow П, 1992) DO, 2 
ШҮН ЕНЕН УАДУ У TL H” 
UUUUU.NUUU CUUUUUUUL.OU 
ДЕО ИВЕ УД ЗЕЕ АД ODLU! 
UID 4000100100 10 000 ЕХХН[][], 
UUUOUUUUUNUUUUUUUUUUUOD 
0 AOXHUOUUUUUUUUUY АОХр СП 
О зЗ00000000, 0000000, Gu 
Glu Glu-Ala-Ile-His [] Ala Asp Glu-Ala-His-His, [| 
UUOUUUU (MMO) П000000000 
(Rosenzweig [] , 1993)[] 
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Fig.2 The AOX Structural Models 
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ШППШШПППШПППШПШППШППППППП 
l| AOX[] 5ОМЦППШПШПШПППШПШПШППШШППП 
п000000000000; 00, 00600 
ШППШШПШПШППШИПИШПП (273) D 
ШЕ И SUM a ДД А А ОУ АЛ 
UUUDUDUUUUDUDUUDUDUUUUDUUUUDUDUUuLl 
АДАД А а ДУНАЕ ДИ А ИЙ ЧАД 
(Aberg [| , 1990 DOUOUOUOOUO. Anders- 
son and Nordlund (1999) [| |] UD DU D Ú 
000 AOXHUUUUU (ANIJI IU U L 
ЕРИ АРЕНА АЕК ОЈ И a НЕ ТӨ 
UUUUU4U0UUUUUUUUUUU.UOU 
UUUUUUUUUUUUUUL. EXxXH] | 
000200 400010000000 АОХ (| 
UUUOUUUUU.UUUUUUUUUUUOD 
Па, 00000000000 (RNR) 22 | 
0,000000 (MMO), U UU -АСРА9 [| 
00 (000, 2003) AX] JJI U L 
U,UUUUUDUUUUUUUUUUUUUOD 
ШЕШ ИИ а ИТ ЧА ЕДИН ИЯ ШИН 
O O O (Wendt[] , 1999)[] 

АОХО 000000 3000 00000 
(22681 E270), [] 7 0 0 O SUM ( O 2270, [j 
OOO AUU E2690 00001000100 
220100, 000000 E70N[I II ULU l 
UUUU АОХ (0 (0, 00 22700 00001 
(Albury [] , 19990 00000000 E270] 
ШППШШПШПППШПППШППШППШППППППП 
П000000000 0 (Chaudhuri |, 19990 
2ОПОООООсООООООООО О 20% 
Па HHH HB BM ЛАА Е: ШИ ЕНТ 
00000 27900 0000000 22691 U 
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АОХОО00 00000 0 0 (Berthold П, 
2000), 10000000000 (PTOX)[] l 
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HPB B B B HB ШШ. ДОШ ОП EBA П 
H220A 0 0 00000000., 00000060 
О АМО 0 (Albury [] , 2002) 0 SUM [] UU 
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0 Аа, 0П0000000000600, 
Б2АПООПОООООООООООООО 
АМО 00, OU E2170 н220000108000, 
ПОООоОоОоОоОоОоОоОоОоОоооОооо ЫП 
ПОО 0 аохапоооосоооооооо 
HOU АОХОПОООООО CEPR) HH , П 
ПООООООООООООО свето, 
2002) | АОХОЦЦО(( 2217 [] 22681 l] [J 
00000, 00000000 EPRUUCL. 
UOUUU АОХЦ АМП ПП 
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П0000000 (00 І, маАРНООООО 
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П0000000 оса 000, 000000060 
N00 (0000000), 00 2000060 
0D20000000000000. 20 % 0 
00400000 АОХООПООООО 200 
ППППП аохпоооооооо, 000 
00000000000, Ax nun 
ПППППППППППП ПП 00 (Affourtit 
0, 2000)0 АОХППППППППП ПП 
(MMO) D0000000000000 ммо 
02000000 œ) 00 оњ 00020 
D0000 (Fe), 0000000000 
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HOU VWOUOUUUUUUUAOXY JU U l 
000,0 100 2000000000000 
HHPH H H Ае МД ШЕ H B АВЕ 
HUHOUUUUUUUUUUUOE (Berthold 
O , 2000; Albury [| , 2002; Affourtit [] , 2002)[] 
О АОХП О 20 00000000, 0000 
ШШШ ж 000000000 с2љЕ) 
ЕА hBi hihi H Pri Bs B Phi 
Ү275П010 0000 (Albury , 20020 


4 П0000000 

АОХ 41 n 8 T А 
pana НЕ А ДЕА ӨӨҮ ЕЕ 
AOX[] J] ID U U 900 0, Umbach and Siedow 
(1993) VUUUUUUU АОХ, ПО 000 
П 309 40 кра, OO OOO 600 70 kDa[| OOO 
UUUUU (DT 01000010000, 00 
ПООООСООСОООООЦАО ХОП 
П DDTOU O OO (Umbach[]], 19900 0000 
АОХПОО(0000000, 00000 AOX 
п000000000000 АОХИ 000 | 
UUUOUUUUODUUUUUUUUUUO. 0 
АМО ОДА О ОВ О ЗА АМА ШШ 
H BOB HOB T Ро ОВ ET ED ЕШ H 
МАРНО | АОХООООО, AOXUUUUL 
JUD OO Oo UOU O О CSiedow and Umbach, 
1995 )[] 

П00000000000, O AO [| ty 
000000000 О0О Milar [ (1993) [| 
0. 0000000000 AOxXHUUUUL 4 
0. ОВАА ИВ ЈА АН АВА А А ПЕЕ 
П000000000 AX (00000 | 
00000 АОХО0( 00000, 00 
П00000000 О) АОХО 01 0 000 
п0000000000, 0000000600 
(Millar [] , 1996) 00000 АОХИ [] , 00 
UU QUUHUUUUUUUU (Djajanegara [| , 
1999000000, ОП000000 (40% 
0 60%) 0 АоАХПООООООООООНОО. 
UU QUUU (0% 20%) 000 AOX [] [] l 
UUUOUUUUUUDU AOxt œ J] U l 
(Umbach [||] , 19990 (0000 0 00 Ul l 


0 АОХПООООООЈОЈ(О (О (Vma) [| 
UUUUU QR UUUU (Hoefnagel , 1997)[] 
0000000000000 АФ, TL H.H: 
1} OU OU AOX (Vanlerberghe [| , 1995)[] O 
UUUUUUUUDUUUUUUUUUUUUO 
UU AOX 0, 000 мем (000000) 
ШЕШЕНЕ ДАО ВАВ ДАН 
AOX [| U (Umbach ара Siedow, 1996) [] 

П00000000, АОХОПО 00 I 
0 O O C1220 С172 | AOXYHUUUUUUUOU 
10000 АОХ1 (Vanlerberghe [| , 1998) [| 
АОХ1а (Rhoads [] , 1998) П 0, 221 U0 Ü 
АОХИ000000, 0000000000 
ПОО АОХ П 9%0 00060-00, П C122E 
(000000) 000000000000 00 
a a О ШИ О о ЕДМ ЕДИ 45 
ШШШ ШШШ ШШШ ЧН ИЕ 
0000 CL2EQGUUUU.UUUUUUL 
ОООО С22АФШППШПП)›ППШППП 
UUUUUDJ,.UUDUUUDUDUUUDUDUUuDUDuUunn 
OOOO 0 0 (Djajanegara [| , 1999)[] C122S [] 
П0000000 (Umbach 1, 2002)0 000 
П0000000000000 «Новарҝе |, 
2003308000000 с20000 АОХЊ | 
АОХІа0П 0000, 000000 АОХИ [] Ú] 
0000000000 0 0 «Новарҝ [, 
200330000000, ААХПО000ОООО 
ООООоОоОоОоОоОооОоОооо, 00000 
UUUUUUUUU 

AOXTTUUUUUUUUUU. 0000, 
UUUOUUUUDUUUUUUUUUUUUO 
0 AOXHUUUUU GSAUOUUUUUUUOU 
ШШШ ШИШИ ШШШ АОХО 000 | 
ПОО0000000) АОХОИОО(О (0100 
00000 сеасћ, 19990 00000 
00, АОХНЕОООООООООО, 000 
[| (Maxwell [] , 20022) ПО00000000 
АОХ П ПП (Holtzapffel [] , 2002) [| 

00 (Finnegan [| , 199700000000 
O (Karpova [| , 2002) [| AOXHTOUUUUL. 
UUUOUUUUUU AOxQUUUUU (Saika 
П, 2002)0 AOX OU O0 O O O O АОХ] П АОХ2 
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(Considine [] , 2002)0 П0000000000 
АОХІПО 000000, 00000000 
АО2ПООООООООООООООООП 
ПОО TU 000000, дохо, uu 
HOUOUUTO WY AOXQUYUUUO 
(Karpova |, 2002)0 HH U 100 00000 
ZmAOX2 (0 c1220 0>) 00, 000 Wud 
00000 ZmAOX3 (0 512210) 0000 
HHBH B H: B.B. HH H IL LH Aox 
HUOHUUYUUUOUUY AX 51 l l 
(Aoxla, 16, Ic, ldand2) (00, (0000 
ПП АОХПО, 000000000000 
000 (Clifton [] , 2006) 


z ЕЕ И АШ ЧЕ 

XOX ШШ ЕЦ И ШШ PH IPB ЦЕ з 
AOXHUUUUUUUUUU. 000000 
O TCA[] Lambers (1982) JU IU U Ll 
U: ШЧ KUTKU OE BOs 0000600 
000, 0000 AOX 0 0 0 Ц Tecan UU l 
ПОООООЦАОХ 00  ТСАПО 000 
0000 (Millar, 1993), ПО TCAD OULU 
HHUH ШШШ АОХОИООООООЈО 0 H 
UUUU АОХО000, 0000006000. 
П0000000000 (Clifton [] , 20060 

UOUUUU АОХО0[0000, 0000 
00000, 000000000 (ROS), 
AOX [| OD O O ROS р ] (Purvis and Shewfelt, 
1993300000000 АОХОП UUUUU ROS 
0000, UU ROSY IU l] (Maxwell [] , 
1999) АОАХПО0ОО0ОООООООООООО 
0, АОАХООООООООООООООНОН 
П0000000 (Vanlerberghe [] , 2002), П 
i ӨХ i А ЦЕ А УМА 
(Атог П , 2000)П АОХ | О O ROS, IJ J 0 Ú 
ПОП O (Vanlerberghe [] , 2002)[] АОХ [| [] U 
ОР Е ВА АИ О ЙИТИ 5 
АОХЕООООООООООО О 0 (Arnholdt- 
Schmitt [] , 2006) [| 

MECHU АРАДА 300; H: HB 
U «0000, 200)7 VU UUUUUUUL 
000000, 000 (2003) 00000: 


(0) ООООСООСООООЈЈОО00 0, 2) 
ОНА О ЛА ВА АЛА ЛЫ а О АИ n 
ОО0000 00000 0000000000 
UUUUUUUUDUUUUUUUUUUOUUO 
п0000000000 00600, 20000 
ШИ ШШЕ ИШ. О H TH ШШ 
ШШШППП 0000, 1999)[] Hansen [| 
(2002) П0000000000000000 
00, -АОХ [ШШШ ШШШ Ш.Ш PU П 
ШПППП AOXHUUUUUUUUUUUUOD 
00000 (Meeuse[] , 197539 00000 | 
UU АОХИООЈОООЈО 0 
Мегсеч, 2005) [] 
АОХПИОООООООООООООО 00 
00000000000 0 0 (Hansen [], 
2002) АОХИ00000000000, 00 
AOXHOUUUUUOUUUUUUUUUUUUOU 
П000000 (Fioanil[] , 2005)] AOX O O [| 
0000000 0000000 0 (Umbach 
О, 2005)000000000000 00000 
ПЕ ВЕ ААН ВЗА А. ШЫЙ 
ВА УУ А АРА АА. (UU а, 22000990 


(Borecky and 


6 АОХОООЈЦЦ 

88 =. [|] , 
UU AOXHUUUUUUUUUU. 0000 
ea tea 6 
HH m D B.B B BR ЕД ЕНШ i th L n = 
D-0 00 0 PTG) О00000 00000 
(Оро ) (НАС Е. coli Expression System Manua, 
SIGMA 1999) 1000, 000000 АОХПП 
ОО000000 00 Berthold (2002) UU. 
00000 Ор =20.5, О00000000 
18°C, IPTG]] П 0.1mmolL J 000000080 
0 AOXHUOUUUUUUUUUUUUUOD 
0000000, 00 AOXYUUUUUL. О 
UU UU АОХИОООООООЈО 000 
о, 0000 AX 00 0000, 000 
( Arabidopsis) АОХТа, ] (100 23001 
ЕЕЕ ШЕ ШИШ КОХ, 
AOX |] O O П 29 кра 33 kDa, I] U U UU U Ú 
Cys-78 П Cys-128 | АО ХП U U UD U 
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(Finnegan [|] , 1997) 7 0000 рез ОООО 
ПО (СТ. р. рте) ППП AOX (TAO), (00 
П TAOQG OOO: 30°С, Оро = 0.1, IPTG 0.1 
mmol/L, 30% ТАОПООООООООООО 
ПО, O TAO[] O O 34 kDa (Fukai [] , 2003 )[ 
OD, = 0.5, 18°С, IPTG 0.1mmol/L{] П, AOX 
H ЕШ ДН ө Ж ИД ШЕШШ ААВ 
(Berthold П , 2002) 0000 AOX [| I ШП 
UUUUUUUODUUUUUL. AOxXguudu 
HH PO AU АНД AGO 1 
OO DD DD D CAffourtit [| , 1999 )[] Berthold 
(2003) DOUUU DE J 000 0000 
AOX, [|] UJU DDD D (Cunivector), OO NU 
0000, 00000000 BL21 (DE3), C41 
(DE3), П C43 (рез) ПП MBRAOXO OOO. 
UUUOUUUUOCUUUUUUUUUUUUOD 
000000 АОХ |, UU 0 0 pHost-Aox 
UU АОХП ПП, 0 O O pHB-MALc2x [| [| | 
00000 АО Ta WU UI JU IU AOX, 
00, ta@MBP П ава 0 ПП AOXO OG 
Er КАП аи ИНЕ 
UUUUUUUUU NU АОХШОООООО 
00000000000 00 AO (П 
ТАО)ОООООООО АоАХОООООООО 
O O (Berthold [| , 2002; 2003; Albury П, 
2002) WU UU UUUUU UU рЕГАС-1-АОХ 
000000, 0000000 Aox, ПОП 
OOO 37°C, 0000 Об» =0.6, IPTG [| [| 
0.2mmol/L, 1100100, 000000 AOX 
UUUOUUUUODUUUUUUUUE Aoxt 


7 000000000000 AOX 
ШИ ТЕШТЕ ШШЕ И ШИ ЛЫ 
000 (000, 2002, 2004) 00000 
UU (0000, 200900000 (0000, 
20020 000 0 (Affourtit |), 200000000 
П (Umbach [], 2002)0 O П (Amora П, 
2000000000 СА. maculatum) ППП П 
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